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Severe hypersensitivity to mosquito bites (HMB) is characterized by intense local skin reactions and systemic
symptoms such as high fever, lymphadenopathy, and hepatosplenomegaly. Patients with HMB often have natural
killer (NK) cell lymphocytosis associated with Epstein–Barr virus (EBV) infection. Here we investigated whether
mosquito bites have any inﬂuence on the oncogenesis of EBV-infected NK cells. We examined six HMB patients
with EBV-infected NK cell lymphocytosis. We ﬁrst demonstrated that CD4+ T cells, but not NK cells, proliferated
well in response to mosquito salivary gland extracts (SGE), especially to SGE of Aedes albopictus. When NK cells
were cocultured with autologous CD4+ T cells stimulated by mosquito SGE, the expression of viral oncogene latent
membrane protein 1 (LMP1) was remarkably enhanced. Next, we stimulated mononuclear cells of the patients with
mosquito SGE, and NK cell counts were monitored for 28 d. The counts changed little from initial levels in the
culture with mosquito SGE, whereas they decreased steadily in the culture without the extracts. Furthermore, we
detected LMP1 mRNA in the skin lesion induced by mosquito SGE. These results suggest that mosquito bites can
induce expression of the viral oncogene LMP1 in NK cells via mosquito antigen-specific CD4+ T cells, which is
involved in the oncogenesis of NK cells in vivo.
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Hypersensitivity to mosquito bites (HMB) is characterized
by intense local cutaneous symptoms inducing not only
erythema or bulla but also ulceration or scarring, and sys-
temic symptoms such as high fever, lymphadenopathy, and
hepatosplenomegaly. Many patients with HMB die of
lymphoproliferative diseases (Hidano et al, 1982). Recent
studies demonstrated the lymphoproliferation of Epstein–
Barr virus (EBV) DNA-positive natural killer (NK) cells,
including NK cell leukemia/lymphoma, in HMB patients
(Tokura et al, 1990; Ishihara et al, 1997).
We previously demonstrated that EBV-carrying NK cells
in HMB patients overexpressed surface Fas ligand (Fas L) or
soluble Fas L and suggested that the enhanced expression
might be related to tissue damage, such as intense lesions
of the skin at mosquito bite sites and liver dysfunction
(Mizuki et al, 1998; Ohshima et al, 2002). We further dem-
onstrated that CD4þ T cells of a patient with HMB prolif-
erated well in response to mosquito salivary gland extracts
(SGE) and played a key role in the reactivation of EBV from a
latent state in NK cells. We suggested that this viral reac-
tivation might have contributed to the pathogenesis of the
infectious mononucleosis-like systemic symptoms of HMB
in this patient (Asada et al, 2003). But the relationship be-
tween HMB and the oncogenesis of NK cells is still unclear.
In EBV-positive NK cell lymphocytosis, EBV infection is
predominantly latent and viral gene expression is restricted,
similar to other EBV-associated malignant tumors. One of
the viral genes, that for latent membrane protein 1 (LMP1),
is usually expressed in these cells (Chiang et al, 1996).
LMP1 is considered to be the most important EBV-trans-
forming protein. Gene deletion studies have revealed that
LMP1 is one of the latent genes required for the immortal-
ization of B cells by EBV in vitro (Kaye et al, 1993). Actually,
the LMP1 protein has the ability to transform rodent cells
(Wang et al, 1985) and render cell growth in soft agar (Fah-
raeus et al, 1990), and LMP1-transgenic mice exhibit hype-
rplasia of the epidermis (Wilson et al, 1990). Moreover, the
neoplastic cells in EBV-positive Hodgkin disease, called
Reed–Sternberg cells, express exceptionally high levels of
LMP1 (Deacon et al, 1993). LMP1 has been shown to ac-
tivate multiple signaling pathways during transformation,
Abbreviations: APC, antigen-presenting cells; EBV, Epstein–Barr
virus; Fas L, Fas ligand; HMB, hypersensitivity to mosquito bites;
LMP1, latent membrane protein 1; MoAb, monoclonal antibodies;
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salivary gland extracts
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including rac, PI3 kinase, reactive oxygen signaling, and
NF-kB (Cerimele et al, 2005).
Here we investigated whether mosquito bites have any
influence on the oncogenesis of EBV-infected NK cells in
HMB patients and found that mosquito antigen markedly
increased expression of the EBV oncogene LMP1 in the NK
cells and induced NK cell proliferation.
Results
Marked response of CD4+ T cells to mosquito SGE
Peripheral blood mononuclear cells (PBMC) derived from
HMB patients and healthy volunteers were examined in
terms of their proliferative response to mosquito SGE. A
marked proliferative response of PBMC was observed in all
patients, whereas PBMC from the healthy volunteers
showed little or no proliferative response. Furthermore,
CD4þ T cells, but neither NK cells nor CD8þ T cells, mark-
edly reacted to the extracts with antigen-presenting cells
(APC) in all patients (Fig 1) (cases 5 and 6: data not shown).
CD4þ T cells, however, showed no proliferative responses
to SGE without APC.
Responses of CD4+ T cells to SGE from various species
of mosquito CD4þ T cells of the patients were stimulated
with each of SGE from five species of mosquito. In all pa-
tients, the highest levels of proliferation were found in re-
sponse to the SGE of Aedes albopictus (Fig 2) (cases 5 and
6: data not shown).
Figure 1
Marked response of patients’ CD4+ T cells to mosquito salivary
gland extracts (SGE). Peripheral blood mononuclear cells (PBMC)
(5  105 cells per mL) from the patients and healthy volunteers (NC1–4)
were stimulated with 4 mg per mL of a mixture of salivary gland extracts
from five species of mosquito (MIX). CD4þ T, CD8þ T, and natural killer
(NK) cells (5  105 cells per mL) from the peripheral blood of the pa-
tients were also stimulated with MIX.
Figure2
CD4+ Tcells response to salivary gland extracts (SGE) from various
species of mosquito. CD4+ T cells (5  105 cells per mL) of the pa-
tients and healthy volunteers were stimulated with 4 mg per mL of each
salivary gland extracts from Aedes albopictus, Anopheles sinensis, A.
stephensi, Culex pipiens pallens, or C. tritaeniorhynchus, or MIX.
Student’s t test shows a significant difference between A. albopictus
and all other species of mosquito (po0.05). Error bars, SD.
Figure3
LMPI mRNA expression induced by mosquito salivary gland
extracts (SGE). (A) Peripheral blood mononuclear cells (PBMC) of
hypersensitivity to mosquito bites (HMB) patients were cultured with or
without salivary gland extracts (SGE) of Aedes albopictus, and the ex-
pression of viral oncogenes, latent membrane protein 1 (LMP1) and
EBNA2, was assessed by RT-PCR. All six patients demonstrated sim-
ilar results, and data shown are representative of them. þ , culture with
SGE; , culture without SGE. (B) Purified CD4þ T and antigen-pre-
senting cells of HMB patients (cases 1–4) were cultured with or without
SGE of A. albopictus for 3 d. Then these cells were cocultured with
autologous natural killer cells, and the expression of LMP1 mRNA was
assessed by RT-PCR. All four patients demonstrated similar results,
and data shown are representative of them. þ , coculture with SGE-
exposed CD4þ T cells; , coculture with unexposed CD4þ T cells.
EBV-NK CELL ONCOGENESIS INDUCED BY MOSQUITO BITES 957125 : 5 NOVEMBER 2005
LMP1 mRNA expression in the PBMC stimulated with
mosquito SGE In all six cases, the expression of viral
oncogene LMP1 mRNA remarkably increased at days 1–6
in the PBMC exposed to mosquito SGE, compared with
unexposed PBMC (Fig 3A). In contrast, another viral onco-
gene EBNA2 expression was not detected in either exposed
or unexposed PBMC.
Expression of LMP1 mRNA and protein in NK cells co-
cultured with CD4+ T lymphocytes exposed to mosquito
SGE The expression of LMP1 mRNA remarkably increased
in the coculture of NK cells and mosquito antigen-exposed
CD4þ Tcells from days 1 to 6 (Fig 3B). In contrast, little or no
LMP1 signal was detected in either NK cells cocultured with
unexposed CD4þ T cells, only NK cells exposed to mos-
quito SGE, or only CD4þ T cells exposed to mosquito SGE.
The cells were also stained with anti-CD56 and anti-
LMP1 monoclonal antibodies (MoAb) (Fig 4). We obtained
cytoplasmic staining for LMP1 in 10%–20% of CD56þ NK
cells cocultured for 4 d with mosquito antigen-stimulated
CD4þ T cells. In contrast, little or no LMP1 signal was de-
tected in either NK cells cocultured with unexposed CD4þ
T cells, only NK cells exposed to mosquito SGE, or only
CD4þ T cells exposed to mosquito SGE.
NK cell proliferation induced by stimulation with mos-
quito SGE To investigate whether mosquito antigen can
induce NK cell lymphocytosis, PBMC of HMB patients
(cases 1, 3, and 4) were exposed to mosquito SGE, and the
NK cell count was monitored (Fig 5). CD56þ NK cell counts
peaked on day 14 (approximately 1.5-fold increase), and
gradually decreased. On day 28, the counts were roughly
the same as at the beginning of the culture. In contrast,
CD56þ NK cell numbers were almost zero on day 28 in the
culture without mosquito antigen.
Figure 4
LMPI expression in NK cells cocultured with
CD4+ T lymphocytes exposed to mosquito
salivary gland extracts (SEG). Purified CD4+ T
and antigen-presenting cells of hypersensitivity
to mosquito bites patients (cases 1–4) were cul-
tured with or without salivary gland extracts
(SGE) of Aedes albopictus for 3 d. Then the cells
were cocultured with autologous natural killer
(NK) cells (the ratio of NK cells: CD4þ T
cells¼10:1). (A) Four days after coculture, the
cells were double stained with anti-CD56 mono-
clonal antibodies (MoAb) (red) and anti-latent
membrane protein 1 (LMP1) MoAb (green) (orig-
inal magnification  400). Scale bar: 10 mm. (B)
The expression of LMP1 was assessed by
immunostaining on days 0, 2, and 4 (original
magnification  100). All four patients demon-
strated similar results, and data shown are rep-
resentative of them. Scale bar: 50 mm.
Figure5
NK cell proliferation induced by mosquito salivary gland extracts.
Peripheral blood mononuclear cells of the patients (cases 1, 3, 4) were
exposed (mosq+) or unexposed (mosq---) to Aedes albopictus salivary
gland extracts once a week, and CD56+ cell count was monitored. In all
cases, Student’s t test shows a significant difference between ex-
posed- groups and unexposed-matched controls (po0.05). Error
bars, SD.
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Expression of LMP1 mRNA in the skin lesion To know
whether the viral oncogene was actually expressed at the
sites of mosquito bites, we examined the expression of the
LMP1 gene in the skin lesion caused by the scratch patch
test with mosquito SGE. RT-PCR analysis demonstrated the
expression of LMP1 mRNA in the lesion, but not in the
nonspecific dermatitis lesion (Fig 6).
Discussion
Approximately 50 cases of HMB have been reported in
Japan (Hidano et al, 1982; Tokura et al, 1990; Ishihara et al,
1997, 2000; Mizuki et al, 1998; Ohshima et al, 2002), and
several reports exist of cases in Taiwan (Tsai et al, 1989; Fan
and Chang, 1995) and Mexico (Ruiz-Maldonado et al, 1995).
As the cases accumulate, there is growing evidence of a
close association among severe HMB and the lymph-
ocytosis of EBV-carrying NK cells (Iwatsuki et al, 1997; Is-
hihara et al, 2000). We previously demonstrated that the
EBV-carrying NK cells in HMB patients overexpressed sur-
face Fas L or soluble Fas L, and suggested that the en-
hanced Fas L expression might be related to tissue
damage, such as intense skin lesions at mosquito bite sites
and liver dysfunction (Mizuki et al, 1998; Ohshima et al,
2002). We further reported a typical HMB patient, who had
CD4þ T cells strongly responding to mosquito SGE and
inducing reactivation of EBV from a latent state in NK cells,
and suggested that this viral reactivation contributed to the
pathogenesis of the infectious mononucleosis-like systemic
symptoms of HMB in this patient (Asada et al, 2003). The
relationship between HMB and the oncogenesis of NK cells,
however, is still unclear.
In this study, we investigated whether mosquito bites
have any influence on the oncogenesis of EBV-infected NK
cells. We first examined which subset of lymphocytes is
responsible for the severe skin reactions to mosquito bites.
The proliferation assay showed that CD4þ T cells, but not
CD8þ Tcells or NK cells, responded to the mosquito SGE in
all HMB patients. Additionally, the CD4þ T cells showed the
highest proliferative response to the SGE of A. albopictus
among five species of mosquito. These results are consist-
ent with our previous case report (Asada et al, 2003) and
suggest that all HMB patients have mosquito antigen-
specific CD4þ T cells that mainly recognize antigens in A.
albopictus SGE.
Next, we observed a remarkable increase in the expres-
sion of viral oncogene LMP1 mRNA in patients’ PBMC
stimulated with A. albopictus SGE. As CD4þ T cells, but not
NK cells, responded to the mosquito SGE and EBV mainly
infected NK cells, but not CD4þ T cells, we hypothesized
that CD4þ T cells activated by the mosquito SGE have an
influence on the expression of LMP1 in NK cells. Indeed,
when NK cells from the patients were cocultured with
autologous CD4þ T cells stimulated by the SGE of
A. albopictus, LMP1 mRNA levels in the culture remarkably
increased. Furthermore, an enhancement of LMP1 antigen
expression was detected by immunostaining in the NK
cells. In contrast, no enhancement of LMP1 expression was
detected following exposure to mosquito SGE in either NK
cells alone or CD4þ T cells alone. These results suggested
that mosquito SGE-induced LMP1 expression in EBV-in-
fected NK cells via mosquito antigen-specific CD4þ T cells.
On the other hand, our previous study demonstrated that
mosquito SGE-activated CD4þ T cells induced the expres-
sion of EBV lytic-cycle proteins in NK cells. The percentage
of cells expressing the lytic-cycle protein (viral capsid an-
tigen or early antigen) was lower (1%–3% of CD56þ NK
cells) than the percentage of cells expressing a latent LMP1
(10%–20% of CD56þ NK cells) after NK cells were cocultu-
red with mosquito antigen-stimulated CD4þ T cells for 4 d.
Therefore, mosquito antigen-stimulated CD4þ T cells seem
to dominantly induce the expression of LMP1 rather than
lytic-cycle proteins in NK cells. As mosquito SGE-stimulat-
ed CD4þ T cells produced IL-2, IL-4, and IL-10 in some
patients, we blocked these cytokines, as well as IL-15 and
TGF-b, by neutralizing MoAb. Our preliminary study showed
that blocking IL-2 partially inhibited LMP1 mRNA expres-
sion induced by mosquito SGE, whereas blocking IL-4, IL-
10, IL-15, or TGF-b did not reduce the expression. There-
fore, although IL-2 seems to be involved in LMP1 mRNA
expression, other unknown factors or mosquito SGE-stim-
ulated T cell–NK cell attachment may be important for up-
regulation of LMP1 mRNA expression.
As many studies have demonstrated that LMP1 is the
most important EBV-transforming protein (Wang et al, 1985;
Fahraeus et al, 1990; Wilson et al, 1990; Deacon et al, 1993;
Kaye et al, 1993), mosquito antigen may contribute to the
oncogenesis of EBV-infected NK cells. To examine whether
mosquito antigen can induce the lymphocytosis of NK cells,
PBMC were cultured with the SGE of A. albopictus and NK
cell counts were monitored. On day 28, the counts were
Figure 6
Expression of LMPI mRNA in the skin lesion
induced by mosquito salivary gland extracts
(SEG). (A) Erythema with bulla was observed af-
ter 48 h by the scratch patch test with salivary
gland extracts (SGE) from Aedes albopictus.
(B) Skin biopsy was performed at the lesion
shown in photograph (A), at a nonspecific der-
matitis lesion of the same patient, and at a nor-
mal skin. Lane 1, lesion induced by SGE; lane 2,
nonspecific dermatitis; lane 3, normal skin; lane
4, B95-8.
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significantly higher in the culture with the extracts than the
culture without the extracts. The result suggests that stim-
ulation with mosquito SGE plays an important role in NK cell
lymphocytosis. We previously demonstrated that both NK
(probably EBV positive) and CD4þ T cell subsets infiltrated
in a skin lesion caused by mosquito bites (Asada et al,
2003), and the present study showed that LMP1 mRNA was
actually detected in the lesions induced by mosquito SGE,
but not in nonspecific dermatitis lesions. Taken together,
mosquito bites can induce expression of the viral oncogene
LMP1 in NK cells via mosquito antigen-specific CD4þ T
cells, which is involved in the oncogenesis of NK cells
in vivo. These phenomena of EBV-infected NK cells are in
contrast to the report that showed T cells activated by
monocyte-derived cytokines can inhibit EBV-infected B cell
proliferation (Liu et al, 2005). Our preliminary experiment
demonstrated that adding corticosteroid to the culture of
PBMC from the HMB patient inhibited the enhancement of
LMP1 expression and NK cell growth by the stimulation of
mosquito SGE, which suggests that treatment with topical
and systemic corticosteroid to HMB patients immediately
after mosquito bites may provide an approach to the pro-
tection of oncogenesis of EBV-infected NK cells.
Materials and Methods
Patients The following study was performed with both the in-
formed consent of the patients and the approval of the responsible
committee in our hospitals. The following study was conducted
according to the Declaration of Helsinki Principles. Six patients
with HMB were entered in this study. None of them had any genetic
relationship with the others and their places of residence were all
different. All patients had typical clinical symptoms, namely intense
local skin symptoms at mosquito bite sites and high fever lasting
for 2–3 d following mosquito bites. They all had been treated with
empiric therapy only when symptoms of HMB occurred. The pro-
files of patients are shown in Table I. The clinical features and
laboratory data of cases 1 (Ohshima et al, 2002), 2 (Tokura et al,
1990), and 4 (Satoh et al, 2002) have been previously reported. A
PCR-based analysis after the sorting of lymphocytes demonstrat-
ed that EBV DNA mainly existed in NK cells in all patients. A real-
time quantitative PCR-based analysis of all patients showed high
levels of EBV DNA in NK cells (3.3  103–1.42  105 copies per
mg). Southern blotting using an EBV-terminal repeat probe dem-
onstrated monoclonal EBV genomes in cases 2 and 5, and oligo-
clonal genomes in cases 1, 3, and 6.
Preparation of mosquito SGE The mosquito extracts were pre-
pared from salivary glands of five species of mosquito: four en-
demic species in Japan (A. albopictus, Anopheles sinensis, Culex
pipiens pallens, and C. tritaeniorhynchus) and one exotic species
(A. stephensi) as described previously (Asada et al, 2003).
Extraction of RNA from skin lesions induced by the scratch
patch test with mosquito SGE A scratch patch test was per-
formed on the upper arm of a patient (case 1) using A. albopictus
SGE (final protein concentration: 40 mg per mL). A skin biopsy was
performed at the lesion induced 48 h after the challenge and at a
nonspecific dermatitis lesion of the same patient as a control. Total
RNA was isolated from the skin tissue samples by the acid
guanidinium thiocyanate–phenol–chloroform method. RNA sam-
ples were pretreated with 10 U of DNAse for 15 min at 371C fol-
lowed by denaturing of the enzyme for 5 min at 991C, to avoid DNA
contamination. The recovery and purity of RNA was calculated
from the optical densities at 260 and 280 nm.
Puriﬁcation of CD4+ T, CD8+ T, and NK cells Whole blood was
collected from the patients and healthy volunteers. PBMC were
isolated by Ficoll-Hypaque (Pharmacia Biotech, Uppsala, Sweden)
gradient centrifugation. CD4þ T, CD8þ T, and NK cells were pu-
rified by magnetic cell sorting (MACS) using a StemStep-TM Kit
(Stem Cell Technologies Inc., British Columbia, Canada) as de-
scribed elsewhere (Asada et al, 2003). Purified cell phenotypes
were examined by flow cytometric analysis after staining with
MoAb against CD4, CD8, CD16, and CD56 conjugated with flu-
orescein isothiocyanate (FITC) or phycoerythrin (PE) (Becton Dic-
kinson, Mountain View, California). Each cell population prepared
by MACS was more than 98% pure.
Proliferation assay of lymphocyte subsets exposed to mos-
quito SGE CD4þ T, CD8þ T, and NK cells were purified from
PBMC of the patients and five healthy volunteers, and autologous
PBMC were X-ray irradiated (30 Gy) and used as APC. CD4þ T,
CD8þ T, and NK cells (5  105 cells per mL) were mixed with APC
(5  104 cells per mL), and cultured with 4 mg per mL of mosquito
SGE. After a 4 d incubation, cell proliferation was assessed by [3H]-
thymidine incorporation as described previously (Asada et al,
2003). The assays were performed three times for each sample.
Coculture of NK cells with autologous CD4+ T cells exposed to
mosquito SGE CD4þ T cells with APC from the patients were
exposed to 4 mg per mL of SGE of A. albopictus for 3 d, and
cocultured with NK cells from the same patient (the ratio of NK
cells:CD4þ T cells¼ 10:1). The coculture of unexposed CD4þ T
cells with NK cells was performed in parallel. These cultured cells
were examined for LMP1 expression.
RT-PCR for detection of EBV oncogenes in cultured cells and
the lesions induced by the scratch patch test with mosquito
Table I. Proﬁles of the patients
Case Sex
Age
(y)
Age at
onset (y)
Lymphocyte
count (/lL)
Phenotype (%) Anti-EBV Ab titer EBV DNA
in NK cells
(  102
copies/lg)
EBV-terminal
repeat
clonalityCD3 CD4 CD8 CD19 CD56 VCA IgG EA IgG
1 F 18 13 2520 42.2 26.6 13.5 11.2 51.1 5120 640 1420 Oligo
2 F 16 2 1900 46.3 38.5 9.8 15.6 29.5 5120 o10 740 Mono
3 M 15 11 1810 35.0 21.0 14.0 22.0 40.0 40 o10 510 Oligo
4 M 10 5 2710 38.1 19.8 32.9 12.1 49.3 320 10 1170 No
5 F 3 3 4260 67.9 28.7 33.0 16.0 23.0 1280 320 33 Mono
6 F 1 0.8 7800 56.4 26.4 28.8 20.1 18.1 640 320 43 Oligo
VCA, viral capsid antigen; EA, early antigen; oligo, oligoclonal; mono, monoclonal; no, no clonality; EBV, Epstein–Barr virus; NK, natural killer.
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SGE RNA was isolated from the cultures of PBMC, cocultures of
NK and CD4þ Tcells, and skin biopsy specimens, and used for RT-
PCR to examine the expression of EBV oncogenes. One micro-
gram of total RNA of each sample was reverse transcribed using
M-MLV RT (Gibco-BRL, Gaithersberg, Maryland) and random hex-
amer primers. The resultant complementary DNA was amplified by
the PCR using hot-start Taq DNA polymerase (Takara Shuzo Co.,
Shiga, Japan) and 0.5 mmol per liter each of the forward and
reverse primers. To detect the expression of LMP1 and EBNA2
mRNA, the primers were synthesized as described else-
where (Chen et al, 1993; Tierney et al, 1994): LMP1 forward
primer: 50-CTTCAGAAGAGACCTTCTCT-30, LMP1 reverse primer:
50-ACAATGCCTGTCCGTGCAAA-30; EBNA2 forward primer: 50-
GCGCCAATCTGTCTACATAG-30, EBNA2 reverse primer: 50-
CCCCATGTAACGCAAGATAG-30. The following cycling condition
was used: 941C for 1 min, 581C for 2 min, and 721C for 2 min for 43
cycles. B95-8 cells were used as a positive control for the RT-PCR-
based detection of the EBV oncogene. For the quality control of
RNA samples, we used histone 3.3 RT-PCR according to the
method of Futscher et al (1993).
Immunostaining for LMP1 proteins after coculture of NK cells
and CD4+ T cells Cocultures of NK cells with CD4þ T cells ex-
posed or unexposed to SGE were examined by immunostaining for
LMP1 protein expression. The cultured cells were cytospun onto
glass slides and fixed in cold acetone. To detect the expression of
LMP1 in the NK cells, a single-color or two-color immunofluores-
cence analysis was performed. The fixed cells were incubated with
a mixture of MoAb against LMP1 (clones CS1-4: DAKO, Kyoto,
Japan, and clone S12: Pharmingen, San Diego, California) for 1 h,
washed three times, and incubated for 30 min with an FITC-con-
jugated goat F(ab0)2 antibody fragment to mouse IgG. After three
washes, the cells were incubated for 1 h with biotinylated MoAb
against CD56 (Pharmingen), washed three more times, and incu-
bated for 30 min with Texas Red-conjugated streptavidin (Phar-
mingen). Finally, the slides were washed three times and examined
with an immunofluorescence microscope.
Monitoring of NK cell count in the PBMC culture under stim-
ulation with mosquito SGE PBMC of HMB patients (cases 1, 3,
4) were exposed to 4 mg per mL of SGE of A. albopictus once per
week, and the CD56þ NK cell count was monitored by FACS
analysis sequentially. The CD56þ cell count in the culture of un-
exposed PBMC was monitored in parallel.
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